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© Absorption refrigeration method and apparatus. 

© An absorption refrigeration method includes the 
steps of heating a dilute absorbent solution in a first 
phase to drive off a diluent to form a concentrated 
absorbent solution and condensing the diluent and 
delivering the same to a second phase to remove 
heat from a refrigeration load. The pressure within 


14 ^ 


the first phase is maintained equivalent to that in the 
second phase so as to minimise temperature differ- 
ences. Quantities of the concentrated and diluted 
absorbent solutions are stored to enable the first and 
second phases to the operable independently of one 
another. 
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ABSORPTION REFRIGERATION METHOD AND APPARATUS 


The present invention relates to absorption re- 
frigeration, and in particular relates to an improved 
method and apparatus that more efficiently con- 
centrates an absorption fluid. 

Absorption refrigeration systems, which are 5 
driven by heat energy, have been long known and 
indeed predate mechanical expansion refrigeration; 
but the latter has become more prevalent due to 
abundant and inexpensive electrical energy and the 
discovery and commercial production of fluorinated w 
hydrocarbon refrigerant gases. However, increasing 
costs for electrical energy, especially during high 
demand portions of a calendar day, and environ- 
mental concerns associated with fluorinated hy- 
drocarbons are creating opportunities for absorp- 75 
tion refrigeration. 

In an absorption refrigeration cycle a liquid 
solution, such as lithium bromide in water, is con- 
centrated in a first phase by heating to drive off a 
portion of a diluent component (water) and the 20 
concentrated solution is delivered to a second ab- 
sorber phase where it absorbs or reabsorbs that 
component so as to become diluted. Thus, the 
diluent component (such as water) is available be- 
tween phases to take up heat removed from a load 25 
(such as refrigerated or cooled space) so as to 
produce a diluent vapor and that vapor is then 
absorbed by the concentrated solution which, upon 
becoming diluted is returned to the first phase to 
be reconcentrated. 30 

Heretofore absorption refrigeration systems 
have been relatively inefficient and inflexible be- 
cause they have largely relied on the refrigeration 
effect of an expandable absorption component and 
the requisite heat energy has been supplied either 35 
by unreliable waste heat or by a burning flame of 
expensive fuels; and the respective concentrator 
and absorber phases have not been adaptable to 
intermediate storage whereby the concentrator 
phase could be disassociated, timewise, from the 40 
absorber phase. However, in U.S. Patent No. 
4,269,041 to Gunther Holldorff, there is described 
an ammonia absorption refrigeration system with 
time separation facilitated by storage of the absorp- 
tion fluids. 45 

According to the invention there is provided 
an absorption refrigeration method which includes 
the steps of heating a dilute absorbent solution in a 
first phase to drive off a diluent to form a con- 
centrated absorbent solution and condensing the so 
diluent and delivering same to a second phase to 
remove heat from a refrigeration load and reabsor- 
bing the diluent in the concentrated absorbent solu- 
tion to thereby form a diluted absorbent solution for 
return to said first phase, characterised by the 


steps of 

maintaining a pressure within said first phase 
equivalent to the pressure in the second phase so 
as to minimize absorbent solution temperature dif- 
ferences and eliminate diluent temperature differ- 
ences; and 

storing functionally sufficient quantities in liquid 
form of said concentrated and diluted absorbent 
solutions and said cold diluent produced in said 
first and second phases so as to enable said first 
and second phases to be operable independently 
time- wise of one another. 

By means of this arrangement, at least in pre- 
ferred forms, there is provided an absorption refrig- 
eration method and apparatus of improved effi- 
ciency, that may utilise electrical energy as a pow- 
er source. There is provided an absorption refrig- 
eration method and apparatus in which a cold 
liquid diluent is produced in the concentrator phase 
and stored for subsequent use whereby the con- 
centrator and absorber phases are disassociated so 
as to be operable independently of one another 

According to another aspect of the invention 
there is provided 

an absorption refrigeration apparatus comprising: 
a concentrator vessel; 

a sump for concentrated absorbent solution in one 
section of said concentrator vessel; 
a spray header in said section above and sump for 
introducing dilute absorbent solution into said con- 
centrator vessel; 

a first collection pan in another section of said 
concentrator vessel, said first collection pan to re- 
ceive diluent released from the absorbent solution 
in said one section; 

a first reservoir connected to said concentrator 
vessel sump; 

a second reservoir connected to said first collection 
pan; 

a third reservoir connected to said spray header in 
said concentrator vessel; 

an evaporator vessel spaced from said concentra- 
tor vessel; 

a diluent spray header located in one section of 
said evaporator vessel, said diluent spray header 
being connected to said second reservoir; 
an absorbent solution spray header located in an- 
other section of said evaporator vessel, said absor- 
bent solution spray header connected to said first 
reservoir; and 

a dilute absorbent solution sump in said one sec- 
tion of said evaporator vessel, said sump being 
connected to said third reservoir. 

Some embodiments of the invention will now 
be described by way of example and with refer- 
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coincident with the operating cycle of the absorber 
phase. 

Preferably heating of the first stream of rela- 
tively weak liquid absorbent solution within the first 
concentrator phase is most efficiently achieved by 
heat liberated from a condenser stage of an elec- 
tric powered heat pump; and the resultant diluent 
vapor is condensed by the heat pump evaporator, 
thereby conserving the latent heat of condensation 
of the diluent and reinjecting it into the concentra- 
tion process. That is. the concentrator phase cham- 
ber contains both the condenser and evaporator 
stage heat exchangers of a mechanical heat pump 
wherein the heat pump compressor, driven by a 
power means such as, an electric motor or fuel 
fired engine, is conveniently located outside the 
concentrator chamber. 

A preferred system of apparatus for performing 
the aforedescribed method is schematically illus- 
trated in FIGURE 1 wherein a concentrator vessel 
10, such as closed cylindrical tank, contains a heat 
pump circuit comprising a condenser coil 12 in a 
lower section of the vessel and an evaporator coil 
14 in an upper section of the vessel. The coils 12 
and 14 are interconnected by a refrigerant expan- 
sion valve 16 and each coil is connected in the 
usual manner to a compressor 18 located outside 
the vessel. The compressor is driven by an electric 
motor 20. In some systems where the demands on 
the heat pump evaporator 14 and condenser 12 are 
not balanced, it may be advantageous to include 
an auxiliary exterior heat exchanger (not shown) 
outside the vessel 10. Usually where this is needed 
it will be connected between the compressor dis- 
charge and the condenser coil 12. 

It will be seen in FIGURE 1 that the concentra- 
tor vessel 10 also contains a first diluent collection 
pan 30, located directly beneath the evaporator coil 
14, and a first absorbent solution spray header 32, 
located directly above the condenser coil 12. An 
absorbent solution sump 34 is located in the vessel 
10 beneath the condenser coil 12. A first reservoir 
40 is connected to the sump 34 of concentrator 
vessel 10 by a pipe 42, pump 44 and a check 
valve 46; and a second reservoir 50 is connected 
to the first diluent collection pan 30 by a pipe 52, 
pump 54 and a check valve 48. 

The second reservoir 50 is also connected to a 
diluent spray header 56 through a variable flow 
control valve 58. The diluent spray header 56 is 
located within one section, usually an upper sec- 
tion, of an evaporator/absorber vessel 60. A second 
absorbent solution spray header 62 located in an 
adjacent, usually lower, section of the vessel 60 is 
connected to the first reservoir 40 through another 
variable flow control valve 64. A second absorbent 
solution sump 66 is located in the 
evaporator/absorber vessel 60 beneath the second 


spray header 62 and is connected by pipe 68 to a 
third reservoir 70 which, in turn, is connected 
through a variable flow control valve 72 to the first 
absorber solution spray header 32. It will be seen 

5 that a pump 74 and a check valve 76 are con- 
nected in pipe 68 between the sump 66 and third 
reservoir 70. A second diluent collection pan 80 is 
positioned within evaporator/absorber vessel 60 be- 
low the diluent spray header 56 and is connected 

w by a pipe 82 and pump 84 to recirculate diluent 
directly to the spray header 56. 

Also it will be seen that two separate heat 
exchanger coils 90 and 92 are located within 
evaporator/absorber vessel 60. Heat exchanger coil 

75 90 is located between the first diluent spray header 
56 and collector pan 80 and circulates refrigeration 
fluid from a refrigeration load such as an office air 
conditioning system, or the like (not shown). The 
heat exchanger 92 is positioned between the sec- 

20 ond absorber solution spray header 62 and the 
sump 66 and circulates fluid from a heat rejector 
such as a cooling tower (not shown). 

First, second and third reservoirs 40, 50 and 70 
respectively, have their outer shells vented to at- 

25 mosphere (not shown in FIGURE 1) in the valve 
and pump arrangement described. Alternately, they 
may be vented to the concentrator vessel or to the 
evaporator/absorber vessel, but they must be ele- 
vated above the vessel to which they feed liquid. 

30 Operation of the foregoing system under ex- 

pected optimum conditions wherein the concentra- 
tor is designed to have approximately twice the 
absorber processing capacity of the evaporator, but 
to operate for only about one-half of the daily cycle 

35 when electric rates are lower, would involve the 
following characteristics. A relatively weak (dilute) 
absorbent solution of water and 57? % lithium bro- 
mide, stored in the third reservoir 70 at approxi- 
mately 95 *F (35 °C) , is sprayed into the con- 

40 centrator vessel 10 at a rate to produce a stronger 
63% solution at approximately 112* F (44.4° C) in 
the sump 34 which is continuously transferred to 
the first reservoir 40. 

The vessel 10 is maintained at 0.2 inch (5.1 

45 cm.) Hg. absolute and the heat pump compressor 
18 and coils 12 and 14 are sized and operated to 
deliver superheated refrigerant gas at about 145°F 
(62.8° C) to the condenser coil 12, discharge refrig- 
erant liquid at about 127°F (52.8° C) to the expan- 

50 sion valve 16 and to return refrigerant gas at about 
30° F (-1.1 * C) to the compressor inlet. Water vapor 
within the concentrator vessel will condense on the 
evaporator coil 14 and accumulate in the first col- 
lector pan 30 at about 35 °F (1.7° C) from whence 

55 . it is stored in the second reservoir 50 so as to be 
available on demand in the evaporator/absorber 
vessel 60. 

By maintaining the evaporator vessel 60 at the 


4 


BNSDOCID: <EP 0397482A2_I_> 


m 


m 


EP 0 397 482 A2 


ence to the accompanying drawings in which:- 

FIGURE 1 is a schematic drawing of a pre- 
ferred embodiment of the present invention 
wherein three liquid reservoirs are interconnected 
between an absorption refrigeration concentrator 
vessel and evaporator/absorber vessel and wherein 
a heat pump drives the concentrator; 

FIGURE 2 is a side elevation of a vessel and 
single reservoir for the system of FIGURE 1 ; and 

FIGURE 3 is a side elevation of an alter- 
native embodiment of multiple reservoirs within a 
single vessel. 

The present method may be described from 
the step of concentrating an absorption refrigerant 
liquid solution, such as an aqueous solution of 
lithium bromide, by heating a first liquid stream of 
a relatively weak or diluted solution within a first 
concentrator phase to distill a diluent vapor and 
therein condensing the vapor by cooling, thereby 
producing first liquid streams of relatively concen- 
trated or strong absorbent solution and cold diluent. 
Aqueous solutions of lithium bromide are preferred 
because of favorable cost and environmental con- 
siderations, such as low toxicity. However, it will be 
understood that other diluent/absorbent pairs are 
known to satisfactorily perform in absorption refrig- 
eration systems such as ammonia/water, 
water/sodium hydroxide, and water/calcium hydrox- 
ide, and may be used in the present method and 
apparatus. 

The present method continues by storing at 
least portions of the separate strong solution and 
cold diluent liquid streams in first and second 
zones, respectively, against demand in a second 
evaporator phase where the cold liquid diluent is 
used for chilling a refrigeration heat exchanger 
connected to an air conditioning or refrigeration 
load, or the like. Heat transferred to the cold liquid 
diluent during the chilling step will cause evapora- 
tion of some diluent which is thereby available for 
diluting a second stream of strong liquid solution 
removed from the first zone and introduced within 
the absorber phase, thereby producing a second 
liquid stream of diluted or weak solution at a rate 
dependent upon controlling the flow of the second 
liquid stream of strong solution from the first zone. 
The absorption cycle is closed by storing at least a 
portion of the second weak liquid solution stream in 
a third zone and subsequently withdrawing the first 
liquid stream of relatively weak solution therefrom 
and introducing same to the first concentrator 
phase at a rate determined by the capacity of the 
concentrator phase, and only during intervals when 
replenishing the liquids stored in the first and sec- 
ond zones. 

Storage of quantities of each of the relatively 
strong and weak liquid solutions and of the liquid 
diluent also allows for favorable operating con- 
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ditions in each of the first, concentrating, and sec- 
ond, absorbing, phases. With the preferred aque- 
ous lithium bromide solutions both concentrator 
and evaporator phases are operated at equivalent 

5 internal pressures of 0.2 inch mercury absolute (5.1 
cm. mercury absolute) which provides for a water 
vapor saturation temperature (condensation tem- 
perature) of about 35° F (1.7° C) and relatively low 
solution boiling temperature; whereas the operating 

10 pressure normally found in prior absorption refrig- 
eration concentrators which reject heat to the at- 
mosphere, is in the range of 3 inch (76.2 cm.) 
mercury, absolute, resulting in water vapor satura- 
tion temperatures of about 115° F (46.1 ° C) and a 

15 weak solution boiling point of about 220 " F 
(104.4° C). 

Accordingly by maintaining the pressure within 
the concentrator phase at about 0.2 inch (5.1 cm.) 
mercury absolute, which is accomplished largely 

20 by regulating the heat input and flow of weak 
absorbent liquid into the first concentrator phase, 
the diluent vapor (e.g. water vapor) condenses 
when chilled to about 35° F (1.7°C) and the liquid 
diluent condensate may be delivered at that tem- 

25 perature to the second storage zone. Thus the 
liquid water diluent is also available at about 35* F 
(1.7°C) for use as a chilling medium in the evap- 
orator phase where it may be applied to chill a 
refrigeration heat exchanger containing fluid from a 

30 refrigeration system, or the like. The cold liquid 
diluent is introduced into the evaporator phase at a 
rate sufficient to meet the demand of the refrigera- 
tion system. It is often advantageous to apply and 
recirculate an excess of the cold liquid diluent to 

35 the refrigeration heat exchanger to insure adequate 
wetting of the heat transfer surface. The heat from 
the refrigeration heat exchanger vaporizes a portion 
of the diluent; and that vapor is then available to be 
absorbed in the second liquid stream of warm 

40 concentrated absorbent solution which is injected 
into the absorber phase at a rate adequate to 
absorb the diluent vapor generated at the refrigera- 
tion heat exchanger. Additionally the injected ab- 
sorbent solution and diluent vapor are preferably 

45 cooled a few degrees by a second heat exchanger 
within the evaporator phase to remove the heat 
from the exothermic absorption process. The 
amount of cooling is regulated, along with the injec- 
tion rate for concentrated absorbent solution, so as 

so to maintain the pressure within the evaporator 
phase at an optimum level (0.2 inch mercury, ab- 
solute, in the preferred embodiment). Further, the 
resultant cool diluted and relatively weak liquid 
absorbent solution is withdrawn to the third storage 

55 zone where it is held against demand in the con- 
centrator phase. It is intended that the concentrator 
phase be operated at near optimum design capac- 
ity for periods of time that may or may not be 
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sam pressure of 0.2 inch (5.1 cm.) Hg. absolute 
the liquid water sprayed across the refrigeration 
heat exchanger 90 will remain at about 35° F 
(1.7°C) yet the available heat of vaporization will 
be adequate to chill refrigerant in the heat ex- 5 
changer 90 from an inlet temperature of about 
50 °F (10° C) to an outlet temperature of about 
40 °F (4.4° C). The water vapor is reabsorbed in 
the strong lithium bromide solution drawn from the 
first reservoir 40 thereby diluting the solution to 10 
about 572 % which is then returned to the third 
reservoir 70. During reabsorption the solution is 
cooled by the rejection heat exchanger 92 to about 
95° F (35* C) so as to maintain the vessel pressure 
at about 0.2 inch (5.1 cm.) Hg. Normally the rejec- 15 
tion heat exchanger 92 may be sized so that 85 ° F 
(29.4° C) water from a cooling tower, or the like, is 
adequate to cool the diluted absorbent solution. 

Obviously the foregoing system may be sized 
to meet a wide range of refrigeration loads. In 20 
relatively small applications of about five tons re- 
frigeration or less, it will be possible to eliminate 
external reservoir vessels and to provide sufficient 
storage capacity for diluent and absorbent liquid 
solutions in the collector pans 30 and 80 and the 25 
sumps 34 and 66 within the respective concentra- 
tor and evaporator/absorber vessels 10 and 60, 
respectively. Each of the three separate reservoirs 
40, 50 and 70 shown in the system of FIGURE 1, 
when vented to the atmosphere, may be construed 30 
as shown in FIGURE 2 to comprise an expandable 
bladder 100 within a rigid vessel 102 and separate 
inlet and outlet connectors 104, 106 and a vent 
110. Atmosphere venting of the reservoir vessels 
provides a relatively constant pressure for feeding 35 
the control valves, and the bladders provide both a 
movable partition for fluid volume changes and 
means for preventing air and/or moisture absorp- 
tion. It is also possible to combine the three reser- 
voirs by utilizing three separate expandable blad- 40 
ders 100a, 100b and 100c within a single rigid 
vessel 108 as shown in FIGURE 3. The combined 
reservoir volume will be approximately constant 
throughout operation of the described system and 
the total reservoir requirement will be about 1.2 45 
cubic feet for each ton-hour of designed refrigera- 
tion capacity. 

Briefly stated the present method involves the 
addition of adequate storage for both concentrated 
and diluted liquid absorbent solutions and also for 50 
a cold liquid diluent so as to enable the concentra- 
tor phase and the evaporator phase to be operable 
at dissimilar rates and/or time periods. Preferably 
both phases are operated at relatively equal pres- 
sure whereby the diluent saturation temperatures 55 
are equal and temperature variation of the absor- 
bent solution between phases is minimized. Ther- 
modynamically, this equalization increases the effi- 


ciency of the cycle and eliminates the need for a 
costly and troublesome liquid solution heat inter- 
changer as has heretofore been used with conven- 
tional absorption systems. Additionally, the equal- 
ization which this invention makes possible works 
to minimize the solution concentrations and tem- 
peratures, a combination which will reduce the cor- 
rosive characteristics of the absorbent solution. 
Further efficiency is gained by using a heat pump 
for capturing the heat released from the condens- 
ing diluent, which has heretofore been rejected to 
the atmosphere, and returning it to the concentra- 
tion processes, thereby displacing a major portion 
of the raw energy normally required to power such 
a process. The heat pump may be driven by any 
convenient power means such as an electric motor 
or a fuel powered engine. 

Claims 

1. An absorption refrigeration method which 
includes the steps of heating a dilute absorbent 
solution in a first phase to drive off a diluent to 
form a concentrated absorbent solution and con- 
densing the diluent and delivering same to a sec- 
ond phase to remove heat from a refrigeration load 
and reabsorbing the diluent in the concentrated 
absorbent solution to thereby form a diluted absor- 
bent solution for return to said first phase, charac- 
terised by the steps of 

maintaining a pressure within said first phase 
equivalent to the pressure in the second phase so 
as to minimize absorbent solution temperature' dif- 
ferences and eliminate diluent temperature differ- 
ences; and 

storing functionally sufficient quantities in liquid 
form of said concentrated and diluted absorbent 
solutions and said cold diluent produced in said 
first and second phases so as to enable said first 
and second phases to be operable independently 
time-wise of one another. 

2. A method according to claim 1 wherein said 
concentrated and diluted absorbent liquids and 
said liquid diluent are stored in three separate 
zones. 

3. A method according to claim 2 wherein at 
least one of said zones is separated from said first 
and second phases. 

4. A method according to any of claims 1,2 or 
3 including the steps of 

producing first liquid streams of said concentrated 
absorbent solution and cold diluent in said first 
phase; 

storing at least portions of said liquid streams in 
first and second zones; 

removing second liquid streams of each of said 
concentrated absorbent solution and cold diluent 
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from said first and second zones in quantities to 
meet demands for same in said second phase; 
producing a liquid stream of diluted absorbent solu- 
tion in said second phase; 

storing at least a portion of said liquid stream of 
diluted absorbent solution in a third zone; 
withdrawing said diluted absorbent solution from 
said third zone for use in said first phase only at 
intervals when it is required to replenish the con- 
centrated absorbent solution and diluent stored in 
said first and second zones; and said steps exclud- 
ing any interchange of heat with any of said absor- 
bent solution streams outside of said zones. 

5. A method according to any preceding claim 
including the steps of distilling the diluted absor- 
bent solution within said first phase by heating with 
energy expelled from a heat pump condenser and 
diluent vapor thereby generated is condensed with- 
in said first phase and the heat of condensation is 
captured and reinjected into the concentration pro- 
cess. 

6. A method according to any preceding claim 
wherein the diluted absorbent solution is concen- 
trated by heating within said first phase and the 
diluent is condensed by cooling within said first 
phase and each of said heating and cooling within 
said first phase are performed by condensing and 
evaporating functions of a heat pump connected in 
series within said first phase to receive a refrigerant 
gas flow from a compressor located exterior of said 
first phase. 

7. A method according to any preceding claim 
wherein the absorbent solution is aqueous. 

8. A method according to any preceding claim 
wherein the absorbent solution contains lithium bro- 
mide. 

9. An absorption refrigeration apparatus com- 
prising: 

a concentrator vessel; 

a sump for concentrated absorbent solution in one 
section of said concentrator vessel; 
a spray header in said section above and sump for 
introducing dilute absorbent solution into said con- 
centrator vessel; 

a first collection pan in another section of said 
concentrator vessel, said first collection pan to re- 
ceive diluent released from the absorbent solution 
in said one section; 

a first reservoir connected to said concentrator 
vessel sump; 

a second reservoir connected to said first collection 
pan; 

a third reservoir connected to said spray header in 
said concentrator vessel; 

an evaporator vessel spaced from said concentra- 
tor vessel; 

a diluent spray header located in one section of 
said evaporator vessel, said diluent spray header 
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being connected to said second reservoir; 
an absorbent solution spray header located in an- 
other section of said evaporator vessel, said absor- 
bent solution spray header connected to said first 

5 reservoir; and 

a dilute absorbent solution sump in said one sec- 
tion of said evaporator vessel, said sump being 
connected to said third reservoir. 

10. Apparatus according to claim 9 including a 

10 heat pump connected to the concentrator vessel, 
and wherein a condenser coil of said heat pump is 
positioned in said one section between said sump 
and said spray header for introducing dilute absor- 
bent solution, and an evaporator coil of said heat 

15 pump is positioned in said another section above 
said first collection pan. 
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© An absorption refrigeration method includes the 
steps of heating a dilute absorbent solution in a first 
phase to drive off a diluent to form a concentrated 
absorbent solution and condensing the diluent and 
delivering the same to a second phase to remove 
heat from a refrigeration load. The pressure within 


the first phase is maintained equivalent to that in the 
second phase so as to minimise temperature differ- 
ences. Quantities of the concentrated and diluted 
absorbent solutions are stored to enable the first and 
second phases to the operable independently of one 
another. 
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